Fecal estradiol levels in females of the migratory Reed Bunting Emberiza schoeniclus and non-migratory Meadow Bunting Emberiza cioides were measured by radioimmunoassay after extraction with ether. When the photoperiod conditions were changed stepwise from 10hr light/14hr darkness (LD 10: 14) to LD 15 : 9, the fecal estradiol levels in the migratory Reed Bunting increased significantly at LD 12: 12 and subsequently decreased at LD 14: 10. A similar pattern of change was observed in the non-migratory Meadow Bunting. Fecal estradiol levels appear to reflect the levels circulating in plasma, indicating that estradiol levels circulating in plasma increase at LD 12: 12 and subsequently decrease at LD 14: 10 not only in the migratory Reed Bunting but also in the non-migratory Meadow Bunting.
Introduction
Changes in hormone secretion have generally been measured by assaying the concentrations of hormone circulating in the plasma. However, little blood can be extracted from small birds, and such sampling causes great stress. Therefore, a method for measuring the levels of sex steroid hormones, such as estradiol, progesterone and androgen, in bird feces has been developed (Bishop & Hall 1991) . Since changes in fecal sex steroid levels in the Japanese Quail Coturnix coturnix japonica show a significant positive correlation with those in plasma (Bishop & Hall 1991) , the measurement of sex steroids excreted into feces makes it possible to estimate the plasma levels of these hormones in a stress-free manner.
In migratory birds, environmental factors, especially changes in daylength, influence both the hormone state (Wolfson 1945 , Farner et al. 1983 , Wingfield 1983 ) and migratory activity (Farner 1950 , Farner et al. 1954 , Nakamura & Ito 1982 , Nakamura & Kitahara 1983 . Administration of several hormones, such as prolactin, androgen and thyroid hormones, influences premigratory fattening and migratory restlessness, as evidenced by nocturnal hopping by captive birds at the time of migration (Rankin 1991 , Berthold 1996 . Thus, it appears that these hormones may be endocrine regulators of migration (Rankin 1991 , Berthold 1996 . However, in small migratory birds, little is known about photoperiodical effect on the hormone levels of plasma or feces.
When the photoperiod conditions are changed stepwise from 10hr light/ 14hr darkness (LD 10: 14) to LD 15:9, in both sexes of the Reed Bunting Emberiza schoeniclus, which is a small migratory bird, active nocturnal restlessness appears between LD 13: 11 and LD 14: 10 (Nakamura & Ito 1982) . On the other hand, both sexes of the Meadow Bunting Emberiza cioides, which is a non-migratory bird, do not exhibit significant changes in migratory activity under these conditions (Nakamura & Ito 1982) . In addition, the fecal androgen levels in the male Reed Bunting, but not the male Meadow Bunting, increase at LD 12: 12, just prior to the period of active nocturnal restlessness, and relatively high androgen levels are maintained during active restlessness (Nakamura et al. 1996) .
It has been reported that implants of estradiol are ineffective in triggering vernal premigratory fattening in ovariectomized White-Crowned Sparrow Zonotrichia leucophrys gambelii (Schwabl & Farner 1989 ). However, ovariectomy before the vernal migration diminishes premigratory fattening (Schwabl & Farner 1989) , and plasma estradiol levels increase during the migratory period (Wingfield & Farner 1978 ). In the present study, we examined the influence of increasing daylength on the fecal estradiol levels of females of the migratory Reed Bunting and the non-migratory Meadow Bunting. The weights of fecal matter from E. schoeniclus and E. cioides were 1.00g and 1.03 g, respectively.
Materials and Methods

Females of the
Fecal estradiol content was determined as described in Materials and methods.
interassay coefficients of variation were 5.5% and 8.8% (both n=4), respectively. The estradiol levels are expressed in pg/mg of dry feces and not corrected using the data of recovery through extraction procedure.
Results
Estradiol immunoreactivity was detected in extracts from the feces of the Reed and Meadow Bunting females using RIA (Fig. 1) . The calibration curve for serially diluted samples was almost parallel to the standard curve. added to pooled fecal extracts was quantitatively recovered (Fig. 2) . The slope of the regression line was 0.976 and the coefficient of correlation between the amounts added and those assayed was 0.998 (P<0.001). The Y-intercept value, which represented the endogenous estradiol levels in the pooled fecal extracts, was 32.5pg.
In females of the Reed Bunting maintained under increasing daylength from LD 10: 14 to LD 15: 9, the fecal estradiol levels were low at LD 10: 14 and LD 11:13, and increased significantly (P<0.01) at LD 12: 12 ( Fig. 3) . Subsequently, the levels at LD 14: 10 decreased significantly (P<0.01).
The fecal estradiol levels in females of the Meadow Bunting exhibited changes similar to those in the Reed Bunting; the levels peaked at LD 12: 12 (Fig. 4 ).
Discussion
The present data demonstrate that immunoreactive estradiol is present in the feces of The data were expressed as pg/mg of dry feces. The photoperiod conditions were changed stepwise from 10hr light/14hr darkness (LD 10: 14) to LD 15: 9; the portion of the light period was increased at 30 min/week. Fecal estradiol content was determined as described in Materials and methods. Statistical comparison of group means was performed by Duncan's multiple range test or Dunn's test. The fecal estradiol levels at LD 12: 12 were significantly (P<0.01) higher than those under other photoperiod conditions. females of both the Reed Bunting and the Meadow Bunting. The method used in the present study for determination of fecal estradiol levels was validated for the following reasons; (i) the calibration curve for serially diluted fecal extracts was parallel to the standard curve (Fig. 1) , and (ii) estradiol added to pooled fecal extracts was recovered quantitatively (Fig. 2) . Previous studies using Japanese Quails have demonstrated that measurement of sex steroid hormones excreted into feces enables estimation of the plasma levels of these hormones (Bishop & Hall 1991) . In female Reed Buntings that were maintained under increasing daylength from LD 10: 14 to LD 13: 11, the levels of estradiol in both plasma and feces increased significantly (Nakamura & Shimada 1988;  Fig. 3) . Thus, the fecal estradiol levels appear to reflect the levels circulating in plasma.
Previous studies have obtained evidence to suggest that nocturnal migratory restlessness is induced by photostimulation (Farner 1950 , Farner et al. 1954 , Nakamura & Ito 1982 , Nakamura & Kitahara 1983 . In Reed Buntings maintained under increasing daylength from LD 10: 14 to LD 15: 9, active nocturnal restlessness appears between LD 13: 11 and LD 14: 10, however, in Meadow Buntings, nocturnal restlessness is not observed under these conditions (Nakamura & Ito 1982) . The present data indicated that in females of both the migratory Reed Bunting and the non-migratory Meadow Bunting, the fecal estradiol levels increased at LD 12: 12 and subsequently decreased .
The data were expressed as pg/mg of dry feces. The photoperiod conditions were changed from 10hr light/14hr darkness (LD 10: 14) to LD 15: 9; the portion of the light period was increased at 30min/week. Fecal estradiol content was determined as described in Materials and methods. Statistical comparison of group means was performed by Duncan's multiple range test or Dunn's test. The fecal estradiol levels at LD 12: 12 were significantly (P<0.01) higher than those under other photoperiod conditions. 4). Thus, estradiol may not be involved in the control of vernal migration in the migratory female Reed Bunting, as is the case in the White-Crowned Sparrow (Schwabl & Farner 1989) . It has been reported that implants of estradiol are ineffective in triggering vernal premigratory fattening in ovariectomized White-Crowned Sparrows (Shwabl & Farner 1989) , although ovariectomy before the vernal migration diminishes premigratory fattening (Schwabl & Farner 1989) and estradiol levels in plasma increase during the migratory period (Wingfield & Farner 1978) . may be an endocrine regulator of vernal migration in both sexes (Rankin 1991 ). Implants of testosterone are able to reinstate vernal premigratory fattening in ovariectomized or castrated White-Crowned Sparrows (Stetson & Erickson 1972 , Schwabl et al. 1988 ). Plasma levels of androgenic steroids increase prior to and during the spring migratory period in both sexes of the White-Crowned Sparrow (Wingfield & Farner 1978) . In the male Reed Bunting maintained under increasing daylength from LD 10: 14 to LD 15 : 9, fecal androgen levels increase at LD 12: 12, just prior to the period of active nocturnal restlessness, and relatively high androgen levels are maintained during active restlessness (Nakamura et al. 1996) . In contrast, no significant change in fecal androgen levels has been observed in males of the non-migratory Meadow Bunting under these conditions (Nakamura et al. 1996) . Furthermore, in the male White-Crowned Sparrow, it has been demonstrated that testosterone acts on vernal premigratory fattening by increasing the release of prolactin (Yokoyama 1976 (Yokoyama , 1977 . The significance of androgen in vernal migration of the female Reed Bunting should be investigated further.
